Studies on the Structure of the Cuticle of Roundworm (Ascaris  lumbricoides) and Its Dynamic Significance.
Histological studies of the structure of the Ascaris cuticle have been made previously by many authors. However, few articles have dealt with the cuticle structure from the dynamic view point and there remain various problems to be solved and clarified.
Recently, MIZUHIRA (1950 MIZUHIRA ( , 1951 and ROSIN (1946) have prepared filmsamples of tadpole and other animal skins and carried out investigations on the statics of the arrangement of the connective tissue fiber of the corium. Those techniques seem to be more suitable for the present investigations than the examination which used routine sectioned preparations.
Consequenty, a detailed investigation was undertaken mainly with those film-samples prepared by MIZUHIRA's technique and secondarily with the common sectioned preparations.
I. Materials and Methods.
The roundworms employed in this study were freshly obtained from the faeces of patients, and pig strains of Ascaris were also obtaining from pig at slaughterhouse. The worms were fixed in a 10% formalin solution, CARNOY's solution or absolute alcohol, according to the purpose of the investigation.
Fixation with CAR-NOY's solution or absolute alcohol resulted in the shrinking of the specimen and was therefore not suitable for a study of the whole structure of the worm's wall. Consequently, this fixation technique was employed only in those cases of histochemical studies.
To make a film-sample, the worms were immersed in a 10% chloreton solution for about 30 minutes. Then the worm's wall became more detachable. Thus a thin cuticle flap was taken of carefully from the underlying muscle layer, by using sharp forceps and microknives under a stereodissection microscope, and the resultant filmsample was mounted on the glass directly with glycerin or indirectly with Canadabalsam or liquid paraffin after being dehydrated by ethanol, and finally cleansed by xylol. The film-sample was subjected to study with a phase contrast microscope.
The paraffin sections were also used for the purpose of histochemical studies, and the transverse sections as well as the lonigtudinal sections of the worm with or without staining, were subjected to phase contrast microscopic observations also.
In order to observe worm's wall when the worm body is in an extended state, body extension was attempted by laboratory equipment.
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In these investigations, the DLL-type phase contrast objectives were very useful. investigators. Fig. 1 shows the aspect of the worm's wall structure when azan staining is used.
In this paper, the author would like to classify the worm's wall as described below from the anatomical and functional stand point, referring to and modifying the classification of SATOH and ASAKUBA (Fig. 2 ). The author has followed MIZUHIRA's opinion (MIZUHIRA unpublished) in classifying the worm's wall.
I. Cuticle. 
III.
Loose fibrous layer.
IV. Muscle layer. According to observations of the coating membrane, using the longitudinal sections to the body-axis, this membrane shows a regularly segregated arrangement of 'caterpillar-wheel like' substantial layers. This membrane tends to be translucent when H. E staining is used, and appears to be light pink when azan staining is used. Both SH-( Fig. 3 ) and SS-reaction tests were positive. The surface of the membrane was covered with a mucous substance, which seems to possess the function of minimizing the friction between the worm's body and its surroundings and also to guard the body. This substance reacted negatively to the PAS staining test and the metachromatic test by using toluidin blue stain.
By the longitudinal section to the body-axis, the lenticular zone seems to be a continous arrangement of convexed lenses turned inwardly.
This layer reacted negatively to the various staining tests.
Discrimination of this layer from the surrounding tissues is not easily made by the H. E staining technique, but the azan staining study indicates that this layer is composed of a fibrillar net work, which is stained blue by azan. Figs. 5 and 6 show the findings by the preparations sectioned parallel to the body-axis and tangential to the body surface.
The fibrils originated from both edges of the lens repectively and both fibrils were fused with each other under the lens showing a basket-pattern appearance. The confluent fibrous bundle runs to the underlying homogeneous layer. This layer reacted positively to the metachromatic test by using toluidin blue stain. (Fig. 2-e) .
Homogeneous layer
Observations by ordinary H. E. staining indicate that this layer seems to be homogeneous and it is relatively difficult to stain this layer. However, as mentioned above the homogeneous layer is obviously pierced by the fibrils which originated from the basket like fibrous layer. These fibrils were described as 'Fibrillenschicht' by BOMMEL (1874). This layer is easy to observe with the preparations sectioned tangentially to the body surface.
B. Findings on the film-samples of Ascaris-cuticle.
Low power microscopic studies of the film-samples showed the cortical layer to be composed of slender circular bands which cross at right angle to the body-axis. fig. 1 ). Fig. 8 shows the 'striae transversae' described by MORISITA (1949) . The worm body is surrounded circularly by these striae which can be seen by the naked eye. As shown in this picture, the striae transversae is composed of an indefinite number or circular rings. By using film-samples of the lenticular zone, it was observed that the surroundings of the lens are composed of fibrous net works
showing 'a complex bamboo-basket like pattern' with a fine stereographical arrangement. Therefore, this kind of structure will be refered to as the 'basket-pattern' (
4, 5, 6 and 9). The basket-pattern seems to act as a safety device to prevent overextension of the body. The fibrils forming the basket-pattern originated from the neighbouring circular rings, and as shown in Fig. 9 , the central part of the basketpattern is found to be thick and deep.
b) Compact fibrous layer ( Fig. 2-f ).
This layer is composed of three sublayers, that is inner, middle and outer layers, with collagen-like fibers, and as in cuticle no type of cell element is found. However, these fibers are stained red by the azan staining method, whereas the ordinary connective tissue fibers are stained blue by the same method. This fibrous layer reacts positively both PAS staining and metachromatic reaction test. As in the case of the fibrous layer of the tadpole corium which was observed by MIZUHIRA (1950), the fibrous layer of Ascaris is also composed of piled up on each other in lines parallel to the body surface, in two different arrangement (Fig. 10 ). The lines cross angles seem to possess some significant relationship with such body movements as contraction and extension. The fibrous layer demonstrates the most interesting reaction following the artificial body extension; the crossing angle of fibers tend to decrease in a sine-curve figure following such procedure (Figs. 11-a and -b).
c) Loose fibrous layer.
This layer is situated directly beneath the fibrous layer and corresponds to the matrix layer or 'Basalschicht' according to classification by other authors. No significant findings were obtained in this layer by using the phase contarst technique.
III. Discussion.
In this experiment, the histological study was carried out especially from the view point of structure of the worm body, comparing results of the present studies with results previously obtained by other investigators.
1. Cuticle. i. Cortical layer. According to SATOH and ASAKURA, this layer is classified into four sublayers; mucous membrane, coating membrane, lenticular zone and cementing zone. The mucous membrane situated on the outer-most side of the cortical layer and being transparent, seems to be analogue to 'Grenzhautchen' described by GOLDSCHMIDT or 'aussere Rindenschicht' by TOLDT. But most probably the mucous membrane does not consist of mucin. Due to the reason which will be described later, this membrane may be thought to be a sort of protein or lipid of dermal origin. SATOH and ASAKURA suggested that even such a soft membrane help to prevent chemical and mechanical injuries to the body from the outside. It is confirmed that the coating membrane is composed of a keratin substance or its analogue belonging to the keratin family, by the fact that the membrane reacts positively to both disulphide group and sulfhydril group tests. CHITWOOD (1936) designated the coating membrane as 'ascaro-keratin' because of the fact that this layer is digested by pancreatin but not by pepsin, showing the composition to be different from ordinary keratin. In this way, it is recognized that a part of cuticle is not made of chitin, and so it may be said that the mucous membrane seems to be a sort of protein or lipid of dermal origin.
The striae transversae and the furrows corresponding to the circular rings decrease in depth by extension and become deeper by contraction of the worm body. Ramifications and confluences are found everywhere among the circular rings. These morphological changes in the circular rings are considered to be suitable for the movement of Ascaris. It is interesting that these changes of the circular rings are observed more frequently at or around the lateral lines where movement is concentrated.
According to the observations of the longitudinal sections, it is noted that there is a layer composed of convexed lens turned inwardly beneath the coating membrane.
This layer corresponds to 'innere Rindenschicht' named by TOLDT and GOLDS-CHMIDT. The previous investigators described the characteristic shape of this layer as a 'parallel arrangement of convex lenses' (KOIZUMI 1944) , 'denticular' (SPRENT 1952) and 'semilunal small body ' (SATOH and ASAKURA 1955) etc. SATOH and ASAKURA designated this layer as the 'lenticular zone' and they also named the underlying outline of the lenses as the 'cementing zone', which is supposed to be a sort of supporting tissue helping to bind the lenses to the lower tissue. In the present investigations, it is demonstrated that the body extension of Ascaris induced the flattening of the lenses.
In such an extended state, the 'basket-pattern' changed its shape according to the changes of the lenses. Therefore, the 'basket-pattern' may be regarded as a structure which possesses an antagonistic resistance against the forces acting in the worm body while in longitudinal extension.
Text- fig. 2 shows a simplified schema of the mechanical relationship between the basket-pattern and its surrounding fibrous bundles. As the worm body is extended, the length of both the coating membrane and lenses become increased, and on the other hand, the depth of the respective layers become decreased, consequently the length of the fibrous bundle passing through the homogeneous layer is appavector chart of these mechanical changes in the fibrous bundles. In this figure, the and secondly the next equations may be formulated when the acting points of the From these equations it may be deduced that these fibrous structures participate in the protection or the stability of the body surface against both inner and outer mechanical pressures.
ii. Homogeneous layer. fibrous layer.
Compact fibrous layer.
Not a few reasons shall be given to show why this layer is stained red by azan staining. The reason the compact fibrous layer is stained red, in spite of the basketpattern fibrous layer being stained blue by the same procedure, may not be explained by the evidence of the difference in the ultrastructure dencity (SEKI) of the respective layers; that is, by the fact that the fibers are more slender and therefore lower in ultrastructure dencity in the basket-pattern fibrous layer than in the compact fibrous layer. The positive reactions of this layer both to PAS and metachromatic reaction tests show that a great amount of the sulphate group is contained in mucopolysaccharide of the fibers. From these histochemical observations it may possibly be deduced that the red colour reaction by the azan staining in the fibrous layer resulted from the fact that the acidphylic property is stronger in the fibrous layer than in the basket-pattern fibrous layer, or probably from other factors such as the differences in chemical composition between the two layers.
CHITWOOD found that the content of hydroxyprolin is lower in collagen substances extracted from the Ascaris-cuticle than in the ordinary collagen, and he distinguished the former from the ordinary collagen by the name of 'ascaro-collagen'. SATOH and ASAKURA observed evidence that the fibrous layer shows relatively high birefringence.
This evidence is considered to be reasonable as the layer is composed of a sort of collagen.
More recently, MIZUHIRA (1961) found that those fibrils appeared to be tron microscope. These findings agree with the former studies that those fibrils belong to the early stage of collagen. Film-samples demonstrate that this fibrous layer is composed of two groups of fibers; one group crossing with another. Such arrangements observed on the fiml-ramples resemble closely the diagramatic fiber arrangement of the several animal skin described by MIZUHIRA (1950 MIZUHIRA ( , 1951 , ROSIN (1946) and HARRIS et al. (1957) , of the supporting tissue fibers of fishes, amphibiae and roundworm, etc. MIZUHIRA (1950) also studied the modes of the arrangement of fibers in the tadpole from the mechanical view point. From these studies, he suggested that the most stable mechanical arrangement of the fibers was found when two groups of the fibers were arranged in two different directions so as exert antagonistic forces, one force acting perpendicular upon the body surface from both external and internal directions and another force acting in the direction parallel to the body surface.
Also such arrangement was demonstrated when both groups of the fibers cross each other in linear forms perpendiculaly.
In the present studies on Ascaris fibers, it is demonstrated that two groups of the fibers cross with axis corresponds to the longitudinal body-axis (Text- fig.  4 ). The crossing angle between both fiber groups approaches an acute angle when the worm body is extended. The rate of increase in the antagonistic action of the fibers against the body extension becomes greater as the crossing angle decreases. Fig. 11-a Thus, the diameter (or radius) decreases to 0.6 times of the original length following the worm body extension.
On the other hand, Text- fig. 6 shows the figure when it is assumed that the fibers are arranged like a spiral. In this figure, the actual length of the fibers is expressed as 2nl, however, if the length is expressed as l instead of 2nl, the following equations are formulated:
On the other hand, the length of the fiber, l, itself depends upon the length of the worm body, L. In other words, the length of the worm body, L, is minimum The results obtained were as follows:
1. In the cortical layer, network fibers surround both the solid coating membrane and the lenses, and are arranged in a 'basket-pattern'. It was thought that such structures make the body surface mechanically stable. The coating membrane seems to be composed of a sort of keratin.
Both circular rings and striae transversae were arranged so as to resist the longitudinal tension and contraction of the worm body.
Ramifications of the circular rings are useful for the wave-like movement of Ascaris (AKIMOTO 1955).
2. The fibers of the compact fibrous layer show a functionally purposeful arrangement; that is, two groups of fibers cross each other and are piled up respectively. The body extension results in making the crossing angle between fibers sharp.
The fibers seem to have histochemically properties analogue to collagen. 3. Possible limitation of the worm body extension was derived from the diagraphical arrangement of the fibers, and the mathematical calculation of this possibility resulted in certain conclusion.
4. Certain factors aiding the achievement of Ascaris-invasion and extrication are ascribed to the properties of the Ascaris movement. Of course, the elasticity of the host tissues of organs should not be neglected as one of the factors. 
